Abstract-This study evaluated the change of micro structure caused by the deterioration factors in the structure of nuclear power plant out of concrete structure. Because the nuclear power plant is influenced more seriously than general structures when the deterioration phenomenon occurs, the deterioration of its concrete should be reevaluated by the viewpoint of micro structure rather than by the existing deterioration evaluation method.
I. INTRODUCTION
Concrete structure"s performance may be deteriorated a variety of deterioration factors such as chloride-included corrosion, freeze thaw, sulfate-caused erosion and carbonatization [1] . Especially, when the deterioration phenomenon occurs in a nuclear power plant, the durability and safety in the structure may be deteriorated and the structure soundness and leas resistance may be influenced seriously [2] - [4] , so the result may lead to the more serious effect in the structure rather than general concrete structure. Some of those problems are now found at some nuclear power plants which are now been operated in Korea, but it lacks the general data and technology with regard to deterioration factors and phenomena. Accordingly this study purposes to analyze the concrete micro structure regarding deterioration factor so that the nuclear power plant can be managed systematically and scientifically.
Concrete has the mechanical properties including the strength established through hydration reaction according to the passage time of binding materials like cement [5] - [11] . Then, there are irregular voids among the produced hydrates, so the general void ratio is directly related to the penetration properties of toxic materials such as chloride ion as well as the mechanic properties such as the strength of concrete [12] , [13] . Accordingly, the revelation behavior of concrete micro-void structure depending on the passage time change is required to quantify in order to estimate more exactly the phenomenon regarding the mechanism and durability of concrete [14] - [16] .
II. TEST
This study created both a freeze thaw specimen and a sulfate one by using the mixture used at nuclear power plant structure. The used materials were ones used at the real nuclear power plant structure. When it comes to the deterioration conditions, the freeze thaw was repeated 6-8 times a day using an underwater thaw test after quick freezing on air out of the concrete resistance test methods for quick freeze thaw defined at KS F 2456, the elastodynamic coefficient and weight change were performed every 30 cycles and the change of void amount was measured by using a mercury-injection method after finishing 50 cycles, and when it comes to sulfate, over the specimen soaked into 5% Na 2 SO 4 , the change of weight and length for the soakage period of 28 and 56 days was measured and the hydrate products were measured using X-ray diffraction analyzer (See Table I ). In addition, the estimation model for micro-void structure contains a variety of assumptions in order to explain the complex relations when the real cement binding materials produces the hydrate reactions, so it cannot help showing some differences from the real concrete void ratio. Accordingly, in order to examine the program developed at this study, the void ratio was measured through MIP test at the age of 90 days in the concrete specimen manufactured as Table II and then the comparison and review with the program's estimated results was performed. 
A. Analysis of Results
The results of freeze thaw test were shown as Fig 1 and 2 . As the void distribution is shown at Fig 1, it can be known that the total void amount increased after 50 cycles. Accordingly, it can be known through the repeated process of freeze thaw that the void size existing within the specimen was increasing. In addition, Fig 2 showed the change of relative elastodynamics coefficient and mass: it can be known that according to the test results till 150 cycles, they are reduced slight without big difference. According to this test, the nuclear power structure is deteriorated by the freeze thaw, but it can be said the effect is remained very slight. 
B. Analysis on Sulfate Results
After soaking into 5% Na 2 SO 4 solution, the hydrate was checked through the change of length and mass and the XRD analysis as Fig 3 and 4 . As shown at Fig 3, it can be known that the length and mass increased by around 0.3%. It's found that they were expanded by the ettringite of initial hydrates, so the inner specimen was occurred airtight. And as shown at the result of XRD at Fig 4, it can be found that Ca(OH) 2 and ettringite of hydrates were produced in the entire measurement sections. As seen at Equation (1), because Ca(OH) 2 is vulnerable to sulfate ion, it produced ettringite: as a result, as the time passes, the crack produced by expansion is shown (Mehta et al., 2004) . In this study, it"s found that because the period of soakage was short in this study, the problems caused by Ca(OH) 2 and sulfate ion reaction didn't occur. 
IV. FORMULARIZATION OF MICRO-VOID STRUCTURE
When presenting a model forming the void structure, Chaube assumed that the cement paste is composed of powder particles with the averaged representative diameter "r 0 ", and presented a formula to acquire the averaged interval "s" among powder particles with the ratio "ω 0 " of moisture and powder, the powder fineness "BF" and ρ p the powder gravity.
Meanwhile, for the convenience in terms of value interpretation, Chaube substituted cementation-available space to a cylinder with the radius of "r eq " with the averaged interval among the particle centers.
He composed the particle model as above, classified the voids produced at time of hydration as gel voids, capillary ones and interlayer ones and assumed that the void ratio retained by C-S-H gel particle is constant at 0.28. In addition, he assumed that the gel voids and interlayer ones are included to hydrate particle while the capillary ones are the spaces where C-S-H gel particle or C-H crystal don't occupy. According to the above assumptions, the volume "V S (m 3 /m 3 )" of gel particle can be acquired through the averaged hydration degree "α(0 ≤ α ≤ 1)" of the composition mineral of each cement and the combined amount "β (kg/m 3 ) per unit powder weight, and in this case, the hydration-related variables, namely the hydration degree "α" and combined amount "β", can be identified through a complex hydration heat model of Kishi.  ch : void ratio with gel properties -0.28
The void ratio of gel particle is composed of interlayer void and gel one, so the void ratio of interlayer void " lr " and that of gel void " gl " can be acquired as follow:
where t w refers to the thickness of interlayer void (2.8Å), S l the unique surface area of interlayer void (in cased of Portland cement, 500~600m 2 /g) and ρ q the dried density of gel products
3 ) and the more detailed contents are omitted in this page. Finally, the void ratio of capillary void " cp " is as follow:
In the Multi-component model developed by Kishi etc., the whole hydration heat ratio is basically calculated by integrating the chemical compositions of both cement and binder and the basic formulas are as follows: 
where, It can be known that, as shown at Fig 5, there is some difference between the void ratio acquired from a real test and the estimated value under program. According to the above result, it"s thought that the inbuilt errors under the test method of MIP test and the assumptions applied to model foundation cannot be applied to the real phenomenon. However, the model developed in this study purposes to be used to the establishment of description and the soundness evaluation system in terms of composite micro-structure of concrete rather than to estimate exactly the void structure, so it is found that if it can show a certain correlation, it can meet its development goal. 
VI. CONCLUSION
This study analyzed the change of micro-structure caused by freeze thaw and sulfate-including corrosion out of the factors to deteriorate nuclear power structures. When it comes to the freeze thaw, the change of mass and elastodynamics coefficient until 150 cycles and the change of void at the point of 50 cycles were measured and when it comes to the sulfate-including corrosion, the change of length and mass and the hydrates were done.
In addition, this study developed a program to estimate the revelation of micro-texture structure caused by the concrete hydration reaction and compared and reviewed it to test results. Currently, the model formulas applied to the program are examined and improved for more exact estimation and it"s thought that the developed program can be used to the models to estimate the strength and durability of concrete in future.
